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Preface: The Two Phases

This volume, Volume II, reports on the second phase of a two-phase
study. The first phase was documented in "The Benefits of Regulating
Hazardous Waste Disposal: Land Values as an Estimator, Volume I." To
present the analysis and the results of the overall study, one option
was to combine the two phases into a single report. This would have
achieved greater integration of the subject matter and would have permit-
ted addressing the suggestions made by a set of outside reviewers of the
first phase more fully than has otherwise been possible. Unfortunately,
time and budgetary considerations have constrained our choice. As an
alternative, Phase | is summarized in this Preface for those not familiar
with Volume |; Phase Il is described in the main text and then some of
the comments and suggestions of reviewers of Phase | are addressed in
an appendix to this volume.

The results in Phase Il are different from and conflict with those
of Phase-I. Because the second phase, built on the first, uses a more
complete sample and incorporates techniques intended to eliminate
deficiencies in the earlier work, the findings of Phase Il supercede
those of Phase I.

Both phases of this study have been directed toward determining in
theoretical terms, with empirical verification, whether changes or differ-
ences in real property values constitute a valid and useful measure of the
costs imposed by a hazardous waste site on the proximate neighborhoods and,
hence, of the welfare gains potentially achievable through regulating

the location or characteristics of such sites.
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In Phase | the theoretical underpinnings of applying hedonic demand
theory to estimating the potential benefits of regulating hazardous waste
sites were analyzed. Studies using hedonic techniques to evaluate ameni-
ties or disamenities other than hazardous waste sites also were examined.
The earlier theoretical and empirical work, summarized in Volume |, suggested
that property values might be used successfully as a measure of the extent
to which a facility such as a hazardous waste site is a disamenity and,
therefore, that it was worthwhile to explore, develop and test a general
method of using land values for doing so. Consequently, we proceeded to
collect and analyse empirical data on property in the vicinity of hazardous
waste sites and to the application of a hedonic model.

The large number of determinants of real estate prices dictates
drawing a large, reasonably homogeneous sample. The largest possible
reasonably homogeneous sample was obtained by using transactions in
developed residential property only, rather than transactions involving
all property in the local market. The resulting sample was still smaller
than might have been desirable.

It was decided to use transaction price rather than assessed value as
the value to be explained. Although using assessed value would increase
the observations available for sampling, it is market value that is
relevant for analysis. Since assessments of property take place only
periodically, they are unlikely to reflect market price accurately.

The general approach chosen for this study and tested in both phases
constitutes only one of two plausible approaches. It was beyond the

scope of this endeavor to test more than one of them.
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The alternative approaches are (1) a broad cross-sectional analysis
in which data are aggregated from many sites and (2) an analysis of sites
individually. The latter was chosen primarily on grounds of feasibility.
The first approach was not considered feasible without large expenditures
of resources, because hazardous waste sites and their surrounding popula-
tions, which constitute a sample of observations for this approach, are
not homogeneous enough to permit aggregation of a small number of sites
without losing the degrees of freedom required for empirical analysis.
For example, the problems associated with hazardous waste sites such as
air pollution, water pollution and negative aesthetic values tend to
differ among sites in both magnitude and characteristics. Also, the
populations which surround hazardous waste sites tend to have different
socioeconomic characteristics and those characteristics are believed to
influence the value of disamenities.

The second approach was judged to be feasible because it avoided the
aggregation problem of the first. However, some of the usefulness of the
method is lost in the second approach because the results of a study of
individual sites cannot be generalized readily. Since each site has
different characteristics, a study of two, three or even five or six sites
cannot produce a universally appropriate formulation of the property value
method.

The principal hypothesis of any property values study to measure the
impacts of a hazardous waste site or sites is that such a site, being a
geographically fixed disamenity, depresses property values in its vicin-
ity. Disamenity effects were defined as any welfare losses experienced,

including health costs and negative aesthetic values and the expectation



of incurring such losses. However, it is impossible to measure directly
the disamenities associated with such a site. Therefore it was necessary,
in Phase |, to develop proxies for the disamenities. Distance from the
site was the primary surrogate used; a secondary one was the published
identification of areas where ground water was found to be contaminated.
(A finding that property values were enhanced by proximity to a hazardous
waste site would be consistent with a hypothesis that such a facility is
an amenity, for example, in reducing production costs in particular
industries.)

To test the effect of proximity to a hazardous waste site, as
reflected in either of the proxies, two applications of the general
approach were considered and both were used in both phases of the study.
The first consists of developing a single cross-sectional equation showing
property values as a function of the proxy selected after a site was
established or after some incident occurred making obvious to the partici-
pants in the local real estate market the consequences of the site's
existence. An explosion or the detection of contamination is such an
incident. The expected result is a gradient of land values rising as a
function of the proxy. The second consisted of creating and comparing two
such equations, one before and one after the siting or the conspicuous
event. The latter appears superior, where data from both periods are
available.

The choice of sites was limited to those which provided enough
observations. Because a hazardous waste site is only one of many factors
influencing property values in its area, a large number of explanatory

variables is required in order to isolate its effect. A large number of

Viii



explanatory variables requires a large number of observations to generate
the required degrees of freedom. A large sample, in turn, requires choos-
ing a site both in a fairly densely populated area and where the hazard
was perceived by the residents for a significant period.

These criteria turned out to be restrictive but not prohibitive in
the choice of sites in Phase I. While there were relatively few sites
that fulfilled these as well as other criteria, there were some that
did. After a fairly exhaustive survey of the Superfund list for sites
suitable for empirical testing of our model, two sites were chosen--one
in Pleasant Plains, New Jersey, and the other in Andover, Minnesota.l
An empirical analysis of each site was conducted. A model was developed
for each site depending on its characteristics and the characteristics
of its environs.

In Andover, Minnesota, a single cross-sectional equation was developed
in Phase | to test a sample of post contamination transactions using
distance as the proxy for the disamenity of the hazardous waste site.

In the Pleasant Plains area, two samples were used in both phases:

a sample of transactions which occurred before there was widespread public
concern about the site, i.e., before 1974, and a sample of transactions
which occurred after the public had become aware of the incident, i.e.,
after 1974. (Although dumping took place in 1972, public concern was not
expressed until contamination of private wells in the vicinity was dis-
covered in 1974.) An official contamination zone was established in

Pleasant Plains. This provided the alternative to distance as a proxy

1P]easa\n’c Plains is in a subdivision of the town of Toms River; Andover is
a suburb of Minneapolis.



for this site. The potential benefits of regulating the Pleasant Plains

site were then estimated. This was done using available cost data (which
included estimates of clean-up costs) as well as by examining the residual
effect of the contamination incident on property values.

The empirical results of Phase | were inconclusive both with respect
to the question of whether the sites constituted a disamenity (in spite
of the fact that each was chosen because it had a contamination problem)
and with respect to the validity and usefulness of the technique. The
Pleasant Plains data revealed a weak and inconclusive, positive relation-
ship between distance and property values. The Andover sample revealed
no measurable relationship between distance and property values.

Three principal problems were identified in the Pleasant Plains
empirical work: the smallness of the sample in some specific parts of the
entire area, inability to identify other factors affecting property values
and inability to define clearly both the distance and contamination proxies
so that they took account of physical factors such as ground water flow, in
the case of the distance proxy, and actual exposure in the case of the
contamination proxy. The findings of Phase | with respect to the Pleasant
Plains hazardous waste site are described in more detail as follows:

0 The sample consisting of pre-1974 sales was too small to permit
determining property value differences associated with distance
from the hazardous waste site before contamination was identified.
Further, the absence in both samples (pre- and post-1974 sales)
of observations more than 2.5 miles from the site made it impos-
sible to establish whether and, if so, at which distance property

values were unaffected by that facility.



0 The empirical study showed that if there were any effect, it was
a weak one. Consequently, it was difficult to separate the
negative property value response to the presence of the hazardous
waste site from the positive response attributable to the fact
that the dump was situated in an increasingly popular part of the
entire real estate market. This latter fact made it difficult to
evaluate both distance and contamination as proxies for the effect
of the hazardous waste site.

0 Examining contamination as the proxy for the effect of the hazard-
ous waste site was problematic also, because the official contam-
ination zones were not reliable and consistent indicators of actual
contamination. Since contamination was limited to individual wells,
an examination was directed to households which used well water.

0 While some property owners within the official contamination
zone were ordered to seal their wells and to hook up to a muni-
cipal water supply and others to dig their wells deeper, some
residents in the official contamination zones were unaffected
by local ordinances (see Map 1), ‘2 n addition, the distribution
of the effect of government action was not uniform over the

population in the contamination zones.3

2There were two contamination zones and two local ordinances. Houses,
within roughly one mile of the site, i.e., Zone 1, were ordered to hook
up to the municipal water supply and to seal their wells. Houses built
after 1974, within roughly two miles, i.e., Zone 2, were ordered to dig
their wells deeper. Houses built before 1974 in Zone 2 were, therefore,
exempt from both ordinances. Households were compensated for most of
the costs they incurred.

3Further‘, since the ordinances did not affect residents outside the two
contamination zones, the effect of government action was not uniform over
the population in the Toms River/Pleasant Plains area as a whole.
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Map 1

Map of Contamination Zones
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of Extent of Groundwater Contamination, Pleasant Plains Section of Dover
Township, Ocean County, New Jersey, December 1974.
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o Based on the plausible assumption that residents equidistant
from the hazardous waste site should perceive their costs to be
the same, distance from the hazardous waste site was defined
symmetrically. In reality, for the following reasons, residents
in Pleasant Plains are unlikely to behave as predicted: first,
because contamination of underground aquifers is the principal
problem associated with the Pleasant Plains hazardous waste site
and ground water in this region flows in a general south/south-
westerly direction and, second, because the only residents

directly affected by ground water are those who used well water.

Upon review of these conclusions, it was decided, in consultation
with the EPA staff, that further examination of the real estate market in
Pleasant Plains might well permit either accepting or rejecting with
considerable confidence, for that area, the principal hypothesis of the
study. At the same time it was concluded both that no further work on
the Andover site was justified and that extension of the study to at
least one additional site would increase the ability to evaluate the

hypothesis. Phase Il was undertaken as a consequence of these decisions.
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PHASE I

l. Introduction

Phase Il consisted of further examination of the Pleasant Plains
site and of a search for a third hazardous waste site to study. The
remainder of this volume is devoted primarily to the documentation of
the second phase of the analysis of Pleasant Plains. The discussion of
the search for sites is found in Appendices A and B.

Empirical work on the Pleasant Plains sample in Phase |l was directed
towards rectifying the shortcomings of the first phase, described in the
preface. The following steps were taken:

1. The size of the pre-1974 sample was increased in the area as a
whole, and the size of the post-1974 sample was increased, with
emphasis placed on the area between 2.5 and 3.5 miles from the

‘
hazardous waste site, an area previously not samp]ed.1

2. More information was collected on both the extent of contamination
and the impacts on individual households of the local ordinances.

3. A method was utilized which would indicate in a general fashion
whether the hazardous waste site depressed values more in one
direction from the site than in others.

Although it was not possible to increase the size of either sample

in some sparsely populated parts of Pleasant Plains, both samples were

successfully extended to the ring between 2.5 and 3.5 miles from the

site. In addition, more information was collected on the contamination

IFor both samples, more data were collected particularly within the first
1/2 mile of the site, within 1-1/4 to 2-1/4 mile range and from 2-1/2
to 3-1/2 miles.



episode. In particular, information was obtained on a separate discovery
in 1976 of contaminated wells in a neighborhood known as the "Dugan's
Lane area." With this information and with information already collected
on the 1974 contamination episode and on well users, it was possible to
identify the individual wells which had been ordered sealed and when
these orders had been promulgated.

Although information was collected on the extent and nature of con-
tamination of individual wells, the available data were not of sufficient
qualityZ to improve significantly the definition of the zone of contami-
nation and therefore, the contamination proxy. For this reason, the
new contamination data were not used in Phase Il. Altogether four models
were developed for Phase Il to analyze the enlarged and improved data
set. One model was developed to facilitate a comparison between Phase |
and Phase Il, the second to test new information on contaminated wells
and a third and fourth to test a refined distance variable which accounted
for direction as well as distance from the site.

The bulk of this report describes the results of these efforts to
reach a conclusive finding about the validity of the primary hypothesis in
Pleasant Plains. In Chapter Il, we describe the models used in Phase Il
and in Chapter Il the results generated from them. Concluding remarks on
the results of the Pleasant Plains sample are contained in Chapter 1V.
There are four appendices. Appendix A contains a description of the

search for a third hazardous waste site. Appendix B is taken directly

2The monitoring data were of poor quality. Sampling methods and the range
of pollutants sampled were inadequate for determining for all wells in the
area whether high levels of chemicals emanating from the dump were present.



from Volume |, Appendix B; it lists and describes the site selection
criteria used in both phases of this study. In Appendix C, the results
of the empirical analysis in Phase Il and a description of all the
variables included in the models used to examine the Pleasant Plains
sample are described. In Appendix D, we address some of the comments

and suggestions made by reviewers of the first phase.



Il. The Method

The form of the new econometric models and the data bases used in
Phase Il are described in this chapter. The four models are identical
with respect to the independent variables representing date of sale,
house characteristics, lot area and locational characteristics.3 They
differ only with respect to the nature and form of the variable which is
introduced as a proxy for the effect of the hazardous waste site. For
the proxy variables, in Models 1, 3 and 4, distance or direction from
the site is used, while in Model 2, a form of the contamination proxy is
used. Model 1 is the most general specification of the distance variable
and represents the basic model of the study. The proxies used in
Models 2, 3 and 4, are more narrowly defined. The purpose of defining
the proxies more narrowly was to examine the more detailed information
collected in Phase Il on the location of individual houses and on the
contamination incident.

The principal hypothesis is the same for all models: the hazardous
waste site depressed the value of property in its vicinity relative to
more remote property. Secondary hypotheses have been developed concerning
the nature and pattern of the response of real estate markets to the
hazardous waste site and were examined in Models 2, 3 and 4. Some of these
were developed in Phase | and they are explored further in Phase II.
Phase Il, in particular, examines in more detail the response of well
users to contamination of their individual wells and to government inter-
vention. A description of the models used to test the hypothesis is

presented below.

3These are also specified in essentially the same way as in Model 1,
Phase | (Vol. I, p. 31 and Appendix C, below).



A. Model 14
Model 1 is specified as follows:
LPV =a +bX +cY +dT +eD + u

Where D is the set of dummy variables each representing 1/2 mile
zones measured linearly from the hazardous waste site, LPV is the sales
price of each house sold during the study period; the price is specified
in log form. X is the vector of housing and lot characteristics, Y of
locational characteristics and T a series of dummy variables denoting
the date of sale. The detailed specifications of X and Y appear in
Appendix C.

Model 1 tests the primary hypothesis by comparing property values
before and after the contamination incident (before and after 1974), as
well as by comparing property values as a function of distance, using the
post-1974 sample only.

One hundred seventy (170) observations were added in Phase Il to
the post-1974 sample for a total of 630 observations, and 167 were added
to the pre-1974 sample for a total of 383 observations. The majority of
the new observations in both samples were of sales of houses between 2.5
miles and 3.5 miles from the hazardous waste site. As pointed out in the
Preface, data drawn from this ring were expected to indicate a leveling
of values of properties far enough away from the site so that, we assumed,
they were uninfluenced by it. In order to eliminate deficiencies in the
original sample, the new observations are concentrated to the south and
southeast of the hazardous waste site, between the towns of Pleasant

Plains and Toms River. The neighborhoods were chosen because of their

4This model is virtually the same as Model 1, Phase I.



similarity to those in Pleasant Plains and because there are no major
amenities or disamenities close to them which would necessitate adding
new variables to the equation. This model, describing the new as well
as the original observations, was the same as Model 1, Phase |, with the
exception of four new variables which accounted for nearby schools, two
additional zone variables, and two additional sales-date dummy variables.
The introduction of these new variables was not expected to change the
outcome of the basic model significantly. Also, the quarter mile zones
(Model 7, Phase 1) were aggregated into half mile zones in Phase Il
because some of the quarter mile zones were too sparsely populated to
generate a reasonably sized sub-sample. Efforts to increase the size
of the sample in these sub-areas met with only limited success. The
results of this model, run both with the (Phase I) orginal sample and
the (Phase IlI) enlarged sample, are presented in Chapter III.

B. Model 2

Model 2 is specified as follows:
LPV = a + bX + cY + dT + eC + u

Where X, Y, T and LPV are as defined in Model 1, and where C is a
set of dummy variables defined by the experiences of individual housing
units with respect to the contamination episode.

In Phase | property values of residences in the contamination zones

were not statistically different, ceteris paribus, from those of proper-

ties outside the zones. Furthermore, the zones were not thought to be
accurate indicators of contamination. For these reasons the post-1974
sample was subdivided to explore the effects of varying vulnerability to

contamination and the different reactions to intervention by the government.



The set of dummy variables is as follows:

0

Residences which used only private wells both before and
after 1974 and were unaffected by the ordinances. (Some
were in contamination Zone I|l, others were outside both
contamination zones.)

Residences which used municipal water only, before as well
as after the contamination episode. These were located
either in contamination Zone Il or outside the contaminated
area and were unaffected by the local ordinances.

Residences which, before 1974, used wells that were found to
be contaminated in February 1974 and were ordered sealed
within a month. These residences, which consisted of all
residential units in Zone 1 built before 1974, were hooked up
to the municipal system in November of that year.

Residences which, prior to 1976, used wells that in 1976 were
found to be contaminated and which were switched to the munic-
ipal system later that year. These were situated in the
southeast quadrant of Zone II.

All residences built after 1974 in Zone |I. These used only
municipal water, as the drilling of private wells was prohib-

ited.

The model was expected to provide insights into the effects on

property value associated with the contamination of individual wells,

government intervention, and of damages incurred beyond those ameliorated

by government action. To test directly the hypothesis that contamination

depresses real estate prices, information was gathered on individual



transactions in Zone I, where contamination was detected in 1974, and in
the area referred to as the "Dugans Lane area,” found to be contaminated
in 1976. The prices of individual contaminated units before contamination
was discovered were compared to prices in the area after contamination
was discovered.5 Assuming that all factors other than contamination

are held constant in the model, prices are expected to be lower after
discovery of contamination.

The government intervened almost immediately, requiring the sealing
of wells and reliance on municipal water. To the extent that intervention
reduced either actual risk or the perception of risk, it would have reduced
or irradicated any property value impacts. In addition, the government's
response may have reassured other residents, especially well users, in
the area that any further damages would also be taken care of at public
expense. The difficulty associated with testing such a proposition is
that it involves separating the reaction of price to contamination from
the reaction of price to the government ordinances and other action.
However, it is possible to test the effect of government action indirectly.
Government action for the most part replaced well water with municipal
water for individual users.®

A comparison between values of property with well water available and

with only municipal water available was expected to generate information

51n dealing with these two sub-samples, in only one case were the post-
contamination prices compared with the pre-contamination prices, i.e.,
for the Dugans Lane sub-sample. Time and budget considerations did not
permit the same examination for the other sub-sample.

6New, post-1974 users of well water in Zone |l were ordered to dig their
wells deeper.



about preferences. On the basis of reports received from local offi-

cials and residents,’ we concluded that well water is valued more highly
than is municipal water. A switch to municipal water, particularly
because of evidence of contamination, would be expected to depress property
values relative to those where wells were not found to be contaminated

and where, therefore, wells could still be used.

Unfortunately, however, it is not possible to isolate the impact of
these preferences from other consquences of using wells versus municipal
water. An important consequence of switching to a municipal water supply
is that it leads to a reduction in fire insurance premiums, which, by
being capitalized, tends to increase, rather than to depress property
values. A comparison between the property values associated with well
water and those associated with municipal water should reveal the net
effect of government intervention, that is, it should show whether the
savings on the cost of fire insurance adequately compensates residents
for their loss of well water and for any other losses experienced as a
consequence of contamination. Given the two countervailing forces, it
was not possible to predict the sign of the relevant coefficients.

It was also possible to get some indirect insights into contamination
and intervention by comparing two sets of post-1974 sales: uncontaminated
individual units which used municipal water throughout the period and
those that switched to municipal water because of contamination. This

comparison avoids the issue of fire insurance because both sets of houses

TInterviews were conducted with Pleasant Plains residents, and with
Atlantic Coast Realty, Inc.
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used municipal water at the time of the transaction. Because of a likely
subjective negative response to contamination, the prices of units which
were ordered to hook up to a municipal system might be depressed relative
to prices of those which had always used a municipal system.

C. Models 3 and 4

Model 3 is specified as follows:
LPV = a + bX + ¢cY + dT +eQ + u

Where Q consists of 4 quadrants, SE, SW, NE, NW with the origin at

the hazardous waste site.
Model 4 is specified as follows:
LPV = a + bX + cY + dT + eDQ + u

Where DQ is a set of dummy variables specified in terms of their
direction (SE, SW, NW, NE) and distance from the hazardous waste site.

Models 3 and 4 were used to explore the question of whether a symmet-
rical specification of the distance variable, as used in Phase | is, in
fact, an appropriate specification of the perceived disamentity of the
hazardous waste site. Since contamination is known to have spread in a
south/southwesterly direction, we might expect, if the uniform distance
variable is inappropriate, property values in that quadrant to be depres-
sed relative to those in other quadrants. In addition, properties further
from the site in the southwest quadrant might be expected to be as greatly
depressed as those closer to the site in another quadrant. Both of these
propositions were tested.

Unfortunately it was not possible to collect data on house sales
southwest of the site outside of the contamination zone. Consequently,

to test the proposition of asymetry in the disamenities effect of the
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site, it was only possible to compare property values in the northeast,
northwest and southeast quadrants of the entire area sampled with property

values in the southwest quadrant inside the contamination zone.
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I1l. Results

In the previous chapter, the four models which were used to test
the principal hypothesis of this study were described. In this chapter,
the results of the application of the models are presented.

A. Model 1

In the first phase of the project, Model 1 was used in an effort

to isolate the effect on property values of distance from the hazardous
waste site. The same model was used to analyze enlarged samples of the
second phase. As in Phase |, the model was applied to two data sets, a
sample of transactions which occured before the discovery of contamination
in 1974 and a sample of transactions which occurred after the discovery.

A comparison of the results of both phases of the project is presented
in Table 1 of Appendix C. The equations underlying these tables are in
semi-log form; consequently, the coefficients shown in the table can be
interpreted as showing the percentage change in price associated with
each independent variable. The enlarged (Phase IlI) post-1974 sample was
used in Run 1, the original post-1974 sample in Run 2, the enlarged
pre-1974 sample in Run 5, and the original pre-1974 sample in Run 6.
The coefficients of the distance variables and their associated statistics
are presented in Tables 1 and 2. A comparison of the coefficients of the
distance variables is presented graphically in Figures 1 and 2.

Run 1 with the enlarged sample seemed to provide reliable results
in terms of goodness of fit (R2) and in terms of statistical significance
for the individual variables (F statistics). While the R2 is lower with

the enlarged sample than it is with the original sample, it is still very



Table 1

Distance Gradient After Contamination

Number of
Coefficients F Statistic Observations
Distance (D) in
Miles from HWS Se So Se So Se SO
‘Run 1l Run 2
0.5<D<1.0 -0.025 0.004 0.59 0.02 228 227
1.0<p<1.5 -0.056 -0.006 2.10 0.03 82 63
1.5<D<2.0 0.009 0.086 0.04 5.13* 68 65
2.0<D<2.5 -0.013 0.082 0.08 3.53%% 101 76
2.5<D<3.0 -0.053 - 0.71 - 57 -
3.0<D<3.5 -0.071  -- 1.22  -- 63 --

*Significant at the 95% Tevel.
**Significant at the 90% level.
Se = enlarged sample; Sp = original sample; HWS = hazardous waste site.

Table 2

Distance Gradient Before Contamination -

Number of
Coefficients F Statistic Observations
Distance (D) in
Miles fraﬂ HWS Se So Se So Se SO
Run 5 Run 6 .
1.0<D<1.5 0.061 0.058 3.76%* 2.32 33 24
1.5<Q§2.0 0.045 0.102 1.35 1.34 34 29
2.0<D<2.5 0.055 0.144 1.52  1.44 86 38
2.5<D<3.0 0.091 -- 2.05 - 17 -

3.0<D<3.5 0.010 -- 3.90* - 47 --

*Significant at the 95% level.
**Significant at the 90% level.
Se = enlarged sample; Sy = original sample; HWS = hazardous waste site.
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Figure 2
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high, i.e., .85. Table 1 demonstrates, however, that, contrary to the
primary hypothesis, when the model is run with the enlarged sample, no
statistically significant (at the 90% level) differences in values were
found between properties close to the hazardous waste site and those
further away. The coefficients of the distance dummy variables repre-
senting sales of residences situated between .5 and 3.5 miles of the
hazardous waste site were estimated in relation to the one representing
sales within .5 miles of the hazardous waste site. The latter was omit-
ted from the equation. The expected signs of the former were positive
relative to the latter. However, the estimated coefficients associated
with the distance variables have, with one exception, negative signs
suggesting that property values outside the first half mile are lower
than property values within the first half mile.

The absence of evidence of an association between property prices
and distance from the hazardous waste site using the enlarged sample,
contrasts with the evidence of the weak but positive association found
by using the original (Phase 1) sample. An analysis of the post-1974
data was undertaken in an effort to explain these different results.
Model 1 was tested with the enlarged sample, omitting all variables intro-
duced in Phase Il to represent amenities/disamenities in the new areas
sampled. These consisted of school variables. Since, in the first run
these had been added to the model ,8 their inclusion might have reduced
the size of the distance coefficients. However, as demonstrated in Table 1,

Appendix C, Run 4, this does not appear to have happened. The distance

8Two zone variables were also introduced in Phase II.
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coefficients were not substantially different, in the run in which the
schools were included (Run 1), from those in the one (Run 4) from which
they were excluded.

A further analysis, undertaken to explore the possible reasons for
the differences between the two "price gradients" presented in Figure 1,
consisted of a comparison between the coefficients of the variables in
the model (other than those associated with the distance variable) gene-
rated with the original sample on the one hand, and the coefficients
generated with the enlarged sample, on the other hand. Such a comparison
suggests that the observations added to the original sample were not
sufficiently different in character to change the signs or the magnitude
of virtually any of the coefficients.

Nevertheless, when the new observations (the enlarged minus the ori-
ginal sample) were run separately from the original sample (Run 3), some
differences between the original and the new sample became apparent.9 In
the new sample, lot size, age and house area, among others, were not sta-
tistically significant; the coefficients associated with lot size, garage
and fireplace did not have the predicted sign; and the coefficient associ-
ated with house area was much smaller than in the original sample. Some
differences between the samples could be expected because of the smaller
size of the new sample and because the new sample was drawn from a differ-
ent part of the Toms River/Pleasant Plains area. The latter was, of course,
by design. However, the differences in the coefficients associated with

lot size and house area, for example, are not readily explained.

9The new sample was run separately solely for the purpose of analyzing
the differences between the original and the new data set.
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The new enlarged pre-1974 sample was also tested using Model 1 and
the results were compared with those generated by the original sample in
Phase I. The coefficients associated with the variables in the model are
presented for each sample in Table 1, Appendix C, Runs 5 (the enlarged
sample) and 6 (the original sample). A relationship between property
values and distance from the hazardous waste site is not expected before
contamination was discovered in Pleasant Plains. The Phase Il results
suggest, as expected, that prices of houses were not associated with
proximity to the hazardous waste site before 1974. The fact that the
coefficients associated with the distance dummy variables were not statis-
tically significant at the 95% level in either the original or the enlarged
sample demonstrates that the hypothesis of "no relationship" is substan-
tiated in Phase 11.10

The positive signs associated with the distance coefficients (reflec-
ting greater remoteness from both the hazardous waste site and Pleasant
Plains) in both the original and in the enlarged sample suggests that, in
the pre-discovery period, Pleasant Plains was a relatively undesirable
place to live. However, the fact that the distance coefficients associa-
ted with the enlarged pre-1974 sample, are generally smaller than those
generated by the original sample suggests that the undesirability of
Pleasant Plains in the pre-discovery period was not as pronounced as

the Phase | results indicated.

101t s important to note that the distance coefficients associated with
the enlarged sample have higher F statistics than those associated with
the original sample. Also, two of the distance coefficients are statis-
tically significant at the 90% level in the enlarged sample.
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Enlarging the sample appears to have improved the descriptive power
of the model. More coefficients in the enlarged sample have the predicted
signs than in the original sample. 11 The coefficients associated with age
of house, lot size and basement have the "correct"” signs in Run 5 (the
enlarged sample) whereas they do not in Run 6 (the original sample).

Since the enlarged sample has improved the descriptive power of the model,
it has increased the reliability of the distance variables.

The results for the pre-1974 enlarged sample are compared with those
for the post-1974 enlarged sample in Figure 3. It must be emphasized that
neither of the gradients is statistically significant at the 95% level,
although parts of the pre-1974 gradient are significant at the 90%
level.l2 Nevertheless, the signs of the coefficients, as indicated pre-
viously, suggest that the changing status of Pleasant Plains during the
1970s may have been more important in determining property prices than
the hazardous waste site. The positive association before 1974 between
distance and property prices using the original sample had been attributed,
in Phase |, to the fact that Pleasant Plains was, before 1974, a less
desirable place to live than were neighboring areas. A similar finding
with the enlarged sample reinforces this interpretation.

As already noted, after 1974, in contrast to the original work, the
expanded sample showed a negative, rather than the predicted, positive

relationship. The positive but weak and inconsistent relationship between

1lThere is, however, virtually no difference between the RZ of the two
samples.

12The distances between 1 to 1.5 and 3.0 to 3.5 mile rings are significant
at this level.
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Figure 3
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distance and property values after 1974 in Phase | was attributed, in
Volume 1, to the fact that the positive effect on property values of
the preference to live in Pleasant Plains was as strong as the negative
effect of the hazardous waste site. The negative relationship established
with the enlarged sample suggests that the preference to live in Pleasant
Plains was, in fact, the stronger force after 1974. However, this conclu-
sion is only tentative since none of the coefficients on the distance
variables is significant at the 90% level.
B. Model 2
Model 2 contains more detailed information on the contamina-
tion episode and government reaction to it, in our effort to ascertain
the consequences of both. The results of the model are presented in
Table 1, Appendix C, Run 7, and are described below:
o There is no evidence that private well water is more highly
valued than municipal water‘;13
o0 Properties with wells that were determined to be contaminated
in 1974 apparently did not sell at lower prices after that
date, than did those with wells which were not determined
to be contaminated.
0 House prices responded negatively but weakly to the 1976
discovery of contamination in Dugan's Lane. Prices of houses
after 1976 in the contaminated area appear to be depressed

both relative to houses with uncontaminated private wells

13The coefficient associated with "municipal water" was not statistically
significant at the 90% level (the omitted dummy variable was "well water")
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and relative to the houses in the same area that were sold
between 1974 and 1976.14

0 Prices of houses which were built in 1975 in the area which
was determined to be contaminated in 1974, i.e., Zone 1 and
which were built to use municipal water only, were high
relative to the prices of houses using well water only (out-
side Zone 1).

The evidence that contamination depressed prices is, on the basis of
the above, weak and difficult to interpret. On the one hand, there is
some weak evidence that the 1976 discovery of contamination may have
depressed the prices of the affected houses. On the other hand, the
discovery of contamination in 1974 does not appear to have had any impact
on the prices of the affected houses.

In fact, the results for the houses whose wells were found in 1974
to be contaminated are difficult to interpret. The signs of the coeffic-
ients associated with houses with wells found to be contaminated in 1974
are different from those associated with houses built in 1975 with munic-
ipal water in the same zone. The fact that the prices of houses built
in 1975 in the same zone, i.e., Zone 1, were actually higher, ceteris
paribus, than prices of houses built before 1975 in that zone, suggests
that the price of contaminated properties located in the same area might
have been still higher had they not been contaminated. This interpretation

is consistent with the observation made in Phase 1, that the model does

14Very few observations were available for the sales between 1974 and 1976
in the Dugan's Lane area. Ideally pre-1974 transactions should have been
included. However, this step was not taken because of time and budget
constraints.
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not capture some amenity in Zone 1. However, it seems more probable that,
since all the post-1974 properties were part of a single development, they
have characteristics which are different from houses built before 1974 and
which are not accounted for by the model.

C. Models 3 and 4

The final test of the effect of the hazardous waste site on prop-
erty values consisted of an attempt to improve the specification of the
distance variables. One specification differentiated the observations
into four quadrants and the other specified distance from the waste site
linearly within each quadrant. These results are presented in Appendix C,
Table 1, Runs 8 and 9.

Since ground water flows in a general southwesterly direction, the
coefficients associated with the northeast, northwest and southeast quad-
rants were expected to be algebraically greater than the one associated
with the southwest quadrant (Model 3). Also, at any given distance from
the site, properties were expected to be more depressed in the southwest
guadrant than in other quadrants (Model 4) suggesting a smaller coeffi-
cient (positive) on the former relative to the latter. The results of
using these models show that respecifying the proxy variable to adjust
either for direction from the hazardous waste site or for a combination
of direction and distance from the site, does not generate evidence that
the hazardous waste site affected house prices. Contrary to the prior
hypothesis, all the coefficients associated with distance from the site
including the one associated with the southwest quadrant had negative
values. In addition, none of these coefficients was significant at the

90% level.
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Similar results were obtained for the simple directional dummy vari-

ables. The F statistics of all three coefficients of the variables

included in the equation were below the critical level of significance

(below 1). Further, the coefficient representing the southwest quadrant

was larger than the others.
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IV. Conclusions

Two kinds of conclusions are drawn from the Public Interest Economics
Foundation's application of the property value technique to ascertaining
the economic consequences of individual hazardous waste sites and the
associated appraisal of the technique as an instrument for regulatory
analysis. The first is the empirical findings about the sites studied;
the second is more general conclusions about the validity and utility of
the method. In addition, it is appropriate to comment on the significance
of this study in evaluating the benefits of regulating hazardous waste
sites.

A. Empirical Findings

The analysis of the Pleasant Plains real estate market performed
in Phase Il supercedes that performed in the first phase, by virtue of
the fact that the second phase incorporated both a more complete sample
and techniques designed to answer questions raised in the first attempt.
The analysis, in Phase I, of Andover, Minnesota, stands as the most
advanced analysis of that site that is feasible with any reasonable
expenditure of resources. Consequently, with few exceptions, the empiri-
cal findings sited here pertain to the Phase Il analysis of the Pleasant
Plains hazardous waste site.

The principal hypothesis of this entire study is that the values of
property in the vicinity of a hazardous waste site are depressed relative
to values of property further away.

There is every reason to expect on a_priori grounds that the hypothesis
is valid. The logic is simple: Both existing hazardous waste dumps and

all other real estate parcels (in an area) are fixed geographically.
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Consequently, if the dump is in fact a disamenity, its presence should
decrease the psychic income that could be generated by neighboring real
estate; that reduction should be capitalized in the value of the property.
Presumably, the less the impact of the disamenity, the less property
values would be affected by proximity to the dump; hence, the value of
property further away should, in general, be depressed less than adjacent
property. The theoretical bases of the hypothesis were reinforced by
successful application of property value analysis in evaluating other
kinds of locational amenities and disamenities as well as by the "common
knowledge" that location is a, if not the, dominant factor in the deter-
mination of the value of residential real property.

In this study it proved impossible to verify the hypothesis empiri-
cally. This is the major empirical finding of the entire effort. It
applies to both phases of the study of Pleasant Plains and, to that of
Andover. The preponderance of evidence failed to show any relationship
between the hazardous waste site and the prices of nearby residences.
While there was some very weak evidence that the prices of residences
using well water that was found to be contaminated were depressed relative
to other properties using well water, no measurable general disamenity
effects associated with proximity to the hazardous waste site were found.

In light of the plausibility of the hypothesis, the failure of the
empirical effort to validate it raises serious questions. There are a
limited number of possible explanations of the result. The first set
pertains to the PIE-F study itself and the second to the methodology in

general.
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B. The Study
The PIE-F study could have been deficient in either of two
respects: the Pleasant Plains site could have had some peculiar character-
istics that made it an inappropriate laboratory for testing the method,
or the PIE-F analysis could have been internally faulty.

Addressing the latter first, while it has only been possible to
examine a limited number of econometric techniques in this study, the
probability that any other techniques or methods of analysis would yield
results different from those obtained in this analysis is Jow.15 Outside
reviewers have also supported this view; several of them suggested further
refinements of the analysis, but none suggested that these refinements
would alter the basic results.

This leaves the possibility that the Pleasant Plains (and Andover)
site was inappropriate and that the selection of alternative sites would
have provided a more propitious test of the technique. In fact, the
efforts of the study team to find an additional site even as good as
Pleasant Plains proved virtually fruitless, as is explained in Appendix
A. Nevertheless, there are some infirmities associated with the Pleasant
Plains site and some specific aspects of the analysis that warrant comment
here.

Several explanations of the failure of the tests to confirm the
principal hypothesis have been put forward explicitly or implicitly in the

course of this report. They include problems associated with inadequate

15This view is primarily supported by the fact that the regression results
were reasonably consistent throughout the analysis; they predicted prop-
erty values with adequate confidence and virtually all of the coefficients
had the expected signs.



28

data, the collocation of the hazardous waste site with other sources of
disamenities or amenities and ameliorative action taken by the government
or as a consequence of government action.

Inadequacy of data was primarily responsible for the difficulties
associated with specifying the variable serving as a proxy for the effects
of the hazardous waste site. The (small) size of the sample of observa-
tions close to the site made it difficult to measure adequately the impacts
on property values at short distances from the site. Further, the lack
of reliable evidence of contamination or its precise location made it
impossible to create a completely satisfactory contamination proxy for
the magnitude of the disamenity in the Pleasant Plains/Toms River real
estate market.

Another problem with the use of the Pleasant Plains site arises
because discovery of contamination attributable to the Pleasant Plains
hazardous waste site occurred during a period in which the values of
properties relatively close to the dump were appreciating in response to
increased popularity of the area. Discussion with real estate dealers
and other individuals in Pleasant Plains indicated the increase in
popularity and that it was associated with the development of a new
retirement community built close to the site. The change in the quality
of housing over time in the area close to the site constitutes a violation
of the homogeneity assumption underlying regression analysis. Consequently,
it was impossible to separate any negative impacts on values associated
with the site from the positive impacts of residing in a preferred area.

Another factor which complicated the testing of the proxy variables
was the ameliorative action undertaken to reduce current adverse conse-

gquences and future risks associated with the site. The government's
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action occurred almost immediately after contamination was discovered.

To the extent that ameliorative action reduced actual and potential damage
and the perception of damage or risk, it should eliminate any downward
pressure on property values attributable to actual contamination.

C. The Method

The examination of the Pleasant Plains site and its associated
real estate market suggests that application of the land value technique
to individual sites as a method of estimating the potential benefits of
the regulation of hazardous waste sites is not useful. This is entirely
contrary to the expectations of the PIE-F research team at the beginning
of the project. This conclusion is based on the prevalence of several,
somewhat overlapping, sets of factors that appear to obstruct the use of
the technique rather generally.

The method imposes some requirements on empirical analysis that are
difficult to fulfill in any individual case and that, therefore, are likely
to be impossible to fulfill in a large enough number of cases to permit
general application of the method. The method involves predicting the
prices of parcels of real estate as a function of some measure of disamen-
ity, inter alia. To reflect the factors in addition to the distance or
contamination measure of the disamenity, it proved necessary to include
a total of 43 raw variables from which over 150 parameter values were
developed. It is possible that important factors were still left out.
Thus, a large number of observations close enough to the site to have
the potential of being perceptibly affected is required. This, in turn,
dictates that the site be in an urban residential area. As discussed

subsequently, the use of such a site introduces some factors that can be
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expected to obscure any actual impact of the hazardous waste site on
property values in the affected market.

In order for the health risks and other disadvantages of living
close to a hazardous waste site to affect psychic income and, hence,
property values, the nature of the disadvantages must be appreciated by
participants, both buyers and sellers, in the housing market. Otherwise,
a land value analysis could not produce valid estimates of the potential
value of reducing or eliminating the disamenity. Should some of the
effects--such as health impacts--be long delayed or should the existence
of hazardous substances in a site not be widely known, housing prices
could not reflect the negative value of exposure to the risks.

Further, for a before-and-after analysis of housing prices to be
meaningful, there must be an identifiable period in which the population
first becomes aware of the problem.

The importance of awareness affects the appropriate method of analy-
sis. Future efforts to employ land value analysis might well be accompa-
nied by surveying the population to determine the extent and timing of
awareness. While it is possible to observe parts of the process by which
market participants learn of a disamenity, particularly the type of infor-
mation disseminated by governments and in the media, little is known about
residents' perceptions. The lack of information about the perceptions of
buyers and sellers as to the characteristics of a hazardous waste site,
means that proxy variables must be used. These can be based only on
somewhat arbitrary judgements about potential disamenity effects.

In order for a gradient in property values to be attributable to a

hazardous waste site, it is necessary that the site not be collocated
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with any other important disamneity or amenity. The consequence of col-
location is that it is difficult to isolate the impacts of one amenity or
disamenity from the others. In cross-sectional analysis, it may be impos-
sible to do so where the (dis)amenities are often very close together. In
before-and-after studies, in any case where more than one collocated
disamenity (or amenity) changes over time, it is again, predictably,
impossible to separate the effect of one amenity or disamenity from the
others.

The fact that governments react also complicates the analysis.
Ideally, for purposes of analysis, a hazardous waste site should be left
alone while the real estate market has an opportunity to reach a new
equilibrium reflecting the value of the disamenities created by the site.
However, with reasonably responsive local governments, it is far more
likely that the adverse impacts of any site will be eliminated or offset,
in whole or in part. To the extent that such action is taken at public
expense and to the extent that it is both effective and perceived to be
effective, there is no subsequent loss of value of real property in the
area. In such circumstances, observations of real estate prices would
not reflect the economic value of regulating the site. Even if the
ameliorative action is taken at private expense, if it required a one-time
expenditure rather than continuing outlays, amelioration, once accomplished,
would have created only a sunk cost which can have no subsequent influence
on values. Should there be doubt as to the efficacy of ameliorative
action, the risk of future disamenities would, of course, tend to depress
prices of proximate property somewhat.

In general, if the consequences of a hazardous waste dump were

serious enough to cause a substantial impact on property values, they



32

would, at least partly for that reason, tend to cause ameliorative action
to be taken. Thus, the more likely it is that market forces would produce
discernible impact on real estate prices, the more likely it is that
political forces would eliminate or reduce that impact.

In addition to the practical problems just discussed, there are two
other major problems which undermine the usefulness of the technique.
First, a hazardous waste site is a land-intensive activity. Consequently,
ordinary prudence in minimizing the cost of an economic activity would
lead to the location (either legal or illegal) of dumps in areas where
land values are low. Thus, there is an identification problem built
into the analysis by the nature of the phenomenon being analyzed. Second,
a hazardous waste site may not constitute a disamenity to all land users.
For example, the costs of carrying on some industrial activities may be
reduced by proximity to a site for disposal of the hazardous wastes they
generate. Any such cost saving would tend to be reflected in higher land
rents.

Finally, it is necessary that the real estate market from which
observations are drawn be homogeneous. One of the problems with the
Pleasant Plains study is that the "quality" of the neighborhood improved
during the period under analysis. In a sense, this can be considered to
be a form of collocation, but one that varies over time.

One of the consequences of these constraints imposed by the method
itself is, as has already been mentioned, that the number of sites suit-
able for analysis is very small. For example, collocation with hazardous
waste sites of other disamenities or of amenities was found to be common

in urban areas. Further, ameliorative action often was found to have
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taken place soon after any problem was discovered--presumably, in a
majority of cases, as a consequence of a responsive political system.
Our search in Phase Il for sites suitable for empirically testing the
property value techniques suggests that it is difficult to find hazardous
waste sites suitable for applying the technique.

D. The Benefits of Regulating Hazardous Waste Sites

It is essential to make clear that the failure to identify any
effect of proximity of a hazardous waste site on property values does
not suggest that the economic cost of hazardous waste sites is small or
that, similarly, the benefits of regulating them are not potentially
large.

First, the inability to exclude the effects of collocation of other
activities that "seek" low cost locations and that generate disamenities
means that the effects of a hazardous waste site in isolation tend to be
underestimated. Presumably each collocated disamenity makes a marginal
contribution to downward pressures on prices in the nearby area, but lack
of variation in the presence of disamenities precludes estimating the
marginal effect of each. Similarily, removing or mitigating the effects
of one such disamenity tends to increase the marginal productivity of
ameliorating each of the others.

Second, the fact that the Pleasant Plains area became more desirable
after the "incident" means that any adverse effect of the dump on property
values was at least partially offset. Prices in the area would, presum-
ably, have risen more than the increase actually observed had the hazard-

ous waste site been absent or innocuous.
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Third, the fact that ameliorative action was taken promptly elimina-
ted much of the basis for any reduction in housing prices. The impact of
ameliorative action suggests that the economic value of regulating a
hazardous waste site may be bounded from above by the costs of ameliora-
tion if such action is entirely effective and is perceived as being so
and if all costs would otherwise be embodied in the depression of property
values. The latter is almost certainly not true in many cases, because of
lack of awareness. If there is insufficient information as to the nature
of the dump and the associated health hazards and other risks, even an
ideal analysis of land values would fail to capture all the costs of the
dump and therefore all of the value of regulating it.

Finally, there may be some costs that cannot be identified in any
land value study, namely costs that are never appreciated or that are
excessively discounted in the real estate market. The most obvious example
is the cost of health risks that are not perceived during the period when

the real estate market is under observation.



APPENDIX A: SEARCH FOR AN AIR SITE

An extensive search was conducted for a site which could serve as a
third case study for evaluating the usefulness and validity of a case-by-
case application of the property value technique for estimating the
potential benefits of regulating the disposal of hazardous waste sites
in residential areas.

Sites were screened in Phase Il on the basis of criteria outlined in
Appendix B and described briefly below. A deficient population due to the
rural nature of many sites was the criterion most frequently responsible
for eliminating sites in both phases. Our experience In Phase | indicated
that in order to use the multiple-regression technique on a single site, a
substantial population (over 15,000) is needed to generate enough house
sales. Some criteria played a much stronger role in eliminating sites
in Phase Il than they did in Phase |. Interference from other waste
sites has been the biggest problem in old industrial cities, where there
are many abandoned facilities and where discoveries of buried wastes in
lagoons are commonplace. In Phase Il collocation of amenities and disa-
menities in the same geographic area was used as a criterion to reject
sites. Exceptions were made only in cases in which the amenity/disamen-
ity existed before as well as after a siting or an incident associated
with a hazardous waste site and where, therefore, controlled comparisons
could be made. Sites which produced potable well water contamination,
but which were promptly hooked up to an alternative source of water,
also were very highly discounted in Phase Il. Under these circumstances,

the time span between the discovery of the contamination and the hook-up

100/4
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is not long enough to allow new equilibrium market prices to be reached
and sufficient number of observations generated.

About 180 sites were systematically examined; a combined selection
from the Superfund Interim Priority List, suggestions from superfund
personnel and others, and sites investigated by ICF Incorporated. With
the exception of one site (discussed below), all were rejected on the
basis of the criteria outlined in Appendix B.

At the outset our goal was to find a site where air contamination
predominates. The first reason for this emphasis was that the two previ-
ous case studies examined ground water contamination. Secondly, with air
contamination, the likelihood of individuals being able to mitigate the
effect on residential properties appeared to be reduced, since one cannot
hook up to an alternative source of air as can so readily be done with
water. However, we were not successful in locating many air sites, and
the one which offered some potential had to be disqualified because the
local government was unwilling to cooperate by making transaction data
available. Eventually the set of sites was expanded to include all
kinds of contamination.

Where relevant, the first step in the screening process was to
screen a site simply by examining the brief description provided by the
Superfund office. In general, this step served to eliminate sites because
of the sample size and public awareness criteria. The feasibility of the
remaining sites, as well as those not on the superfund list, had to be
established through extensive telephone conversations with public health
and/or city officials. The most promising air site was one suggested by

an office of the U.S. EPA. It is the McColl-Los Coyotes site in Fullerton,
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California. (See the table in this appendix for a description of the
contamination problem for this and other sites which required more than
a preliminary investigation.) This site is unique in that it met all
our criteria and, in addition, was situated in a middle to upper middle
income area. This latter fact made it particularly interesting because
our investigation has shown that in most cases hazardous wastes operating
and/or disposal facilities are sited in low income neighborhoods where
property values are already low.

Because of the contamination, the city's planning commission has
denied permission to three different developers to build on land adjacent
to the site. The decision of the commission was based on soil tests which
showed severe soil instability and high concentrations of sulphuric acid.l
It is questionable, however, whether this site would have offered any mea-
surable impact on existing residential properties, since the odor reportedly
extended only 400 feet from the site. Moreover, the odor is a problem only
on windy days. Anecdotal evidence from realtors and health engineers in
the area suggests that there has been no noticeable impact on property
values. This study was precluded when we were denied access to the prop-
erty record cards by the Orange County Tax Assessor's office.

Seven sites, three of which were already on the superfund list, were
strongly recommended by Hugh Kaufman, Anthony Deicidue and Doug Cohen, all
of the Superfund office. Of these, the one with the most serious
contamination was the one in Woburn, Massachusetts. A brief description

of that site is given below.

Ipersonal communication; Barry Eaton, Chief City Planner, Fullerton
Office of Development Services, to Michael Adler, February, 1982.
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For years residents of Reading, a town 1/4 mile northeast and down-
wind of the Woburn site had complained of nausea, headache, loss of
appetite, paint peeling off buildings and rotten egg odors, but it was
not until 1979, when construction work began on an industrial park, that
the source of the odor became apparent. The 800 acre piece of land and
wetlands in north Woburn where the industrial complex was being developed
was found to be scattered with the wastes of 130 years of leather, chemi-
cal and glue manufacturing. Contaminants discovered at the site include:
arsenic, chromium, heavy metals, decaying animal hides, hair, carcasses
soaked with chromium solution and emitting a strong odor of hydrogen
sulfide.

Furthermore, epidemiological studies have indicated that: Woburn
has the highest cancer rate in Massachussetts for cities over 20,000
people; cancer of liver and kidneys was very high and increasing; leukemia
incidence is over two times the normal rate, particularly in East Woburn.

In that same year, two bad tasting wells in East Woburn were dis-
covered to be contaminated and were later closed. The chemicals found in
those wells were trichloroethylene and chloroform. Unfortunately for
purposes of analysis, those chemicals are different from the ones found
on the site of the industrial complex and, therefore, cannot be linked to
that contamination. At this time, the source of the well contamination
has not been identified.

For this reason, and because the hazardous waste site and the indus-
trial park are collocated, this site had to be rejected. The collocation

problem suggests possible offsetting effects, since we would hypothesize



that proximity to the dump is a disamenity while proximity to the indus-
trial park could be valuable.

In 1981, ICF Incorporated conducted a study for the Office of Emer-
gency and Remedial Response of the U.S. EPA in which they analyzed commu-
nity involvement in hazardous waste site problems. Of the sites examined
by ICF which are not on the superfund list, the Jackson Township, New
Jersey, case seemed initially to be the most promising. The basic problem
here is extensive ground water contamination caused by the misuse of a
municipal landfill. For a number of years, the landfill accepted raw
sewerage and other liquid wastes far in excess of what could be absorbed
by the solid material at the site. In addition, the facility was the
receptacle for illegal dumping at night. A brief history of the contami-
nation episode follows.

In 1978, two years after residents began complaining of unpleasant
odors from well water, 96 families were advised by the township to cease
drinking water from their wells. In 1979, the New Jersey Department of
Health announced that it had detected known carcinogens in several wells.
Eventually, about 160 wells all within 1.5 miles of the site were closed.

By the middle of 1980, a municipal water system was in place, but
for the interim 21 months the township government trucked drinking water
to the affected residents and offered shower facilities at a school 5
miles away.

Residents from Jackson Township, as well as the Woburn site, were
given national media coverage, when they testified in Washington at
hearings before the Senate Labor and Human Resources Subcommittee on

Health and Scientific Research, chaired by Senator Kennedy. The Jackson
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Township problem was, in addition, given other national attention. For
instance, it was cited in the November 1, 1982, issue of Newsweek in an
article entitled "How Safe is Your Water."

Unfortunately, consideration of the site for empirical analysis had
to be discounted due to proximity of 4 miles to the Pleasant Plains
Township site and due to insufficient population, which would limit the
size of the sample of transactions. The entire township of Jackson had
a population of only 26,460 in 1981. However, this population is spread
out over a wide area in small pockets. The affected area is Legler, an
outlying district of some 165 houses.

At the time of writing the results of this report, we discovered a
site in St. Louis Park, Minnesota, which warrants considerably more
investigation. We have not been able, on the basis of our preliminary
investigations, to determine the potential usefulness of this site for
estimating land value effects. However, unlike the other sites examined,

this one cannot be categorically rejected.



Name and Location
of Site

A-7
Table 1

Selected Sites

Contamination Problem

Reason for Rejecting Site

Sites Recommended
By Superfund:

Stringfellow,
Riverside, CA

Stringfellow consists of a series of artifical

ponds used for the disposal of hazardous waste for
about 16 years. It lies 400' in elevation above the
residential area of Glen Avon, which is 2 miles away.
During heavy rains, run-off produces overflows, washing
wastes into residential area. Because of heavy rains
and fear of dam rupture, the Regional Water Quality Con-
trol Board ordered the discharge of acid waste from the
site. For 5 years in the 1970's. more than 1 million
gallons were released into Glen Avon drainage channels.

Insufficient population
close to the site.
(Population of Glen Avon:
8,444)

The public felt the
removal operation was
well managed and highly
successful.

Silesum MA

Air and ground water contamination.

Source of contamination
has not been established.

Hyde Park Landfill,
Hyde Park, NY

Leaking leachate from municipal landfill which runs into
nearby creek.

Absence of residential
contamination.

Gray, ME

Ground water contamination.

Insufficient population
close to the site. (Popu-
lation of Gray: 4,300)

General Chemical,
Framingham, MA

Regulatory problem. There are new state laws governing
the handling of hazardous wastes with which the company
has not fully complied, as yet.

There is no contamination
problem.

There is no disposal prob-
lem.

Frayser & North Hollywood,
Memphis, TN

Shallow ground water and surface water contamination.
Contaminated surface runoff.to the Wolf River. Alleged
health effects--hair loss, rashes among children and
pets.

Contamination too limited
for much expected effect.
No contamination of pot-

able water supply.

Failure of epidemiologi-

cal studies to link health

ffects with wastes from
ﬁ1e %azar ous sites.
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Table 1 (continued)

Selected Sites

Contamination Problem

Reason for Rejecting Site

Sites Recommended
By Superfund:

Woburn, MA

Ground water contamination of 2 private wells. Air con-
tamination--odor problems are particularly bad on dry,
windy days downwind of site. Health effects: highest
cancer rate in MA for cities over 20,000 people.
0 Cancer is very high and increasing.
0 Leukemia incidence is over 2 times the normal
rate.

Collocation problem--the
hazardous waste site is
also the site of a large,
industrial complex.

The chemicals found in
the contaminated wells
were not the same as those
found on the waste site.
Source of chemicals has
vet not been established.

Site on ICF List Not
Previously Investigated:

Jackson Township Landfill,
NJ

Ground water contamination of private potable supply
wells. 160 wells within 1.5 miles of site were closed.
Epidemiological studies revealed:

0 Serious kidney problems.

0 Above normal levels of miscarriages.

0 Abnormal amount of vaginal infections in young

girls.
0 Serious skin rashes after showering in well water.

Insufficient population.
Close proximity to Dover
Township site. Distance
to Dover Township is

4 miles.

Other Suggested Sites:

Simi Valley Landfill,
City of Simi, CA

Ground water contamination from hazardous waste disposal
of oil at landfill.

No residential contamina-
tion. Landfill is isola-
ted in the hills.

McColl-Los Coyotes,
Fullerton, CA

Foul odor emissions from sumps on 2 adjacent pieces of
property. During World War II, sumps on the 2 proper-
ties were used for the disposal of acid sludge residues
from petroleum refining of high octane aircraft fuels.

Denied access to property
record cards.

Odor problems extended
only 400 feet.
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APPENDIX B: CRITERIA FOR SITE SELECTION (PHASE 1!

Appendix B reviews the site selection process and describes the

criteria employed for choosing sites. The focus is on those criteria

which were not described in detail in Chapter Il in the main body of
Volume |.
A . Introduction

Two sets of criteria were employed in the initial site selection.
The first set pertains to potential sample size, public awareness of prob-
lems associated with a site and the existence of a continuous development
around a site. The fulfillment of these criteria is considered essential
to an empirical investigation of hazardous waste sites. The second set
of criteria is concerned with the different types of problems associated
with hazardous waste sites, the extent to which these problems have been
ameliorated and difficulties associated with measuring the effects of
hazardous waste sites on property values. Non-fulfillment of the second
set of criteria were used to rank sites in a general fashion, but did
not necessarily preclude sites from consideration in Phase |I.

B. Sample Size

It is necessary to obtain a sufficient number of observations to
study the effects of a hazardous waste site. The size of a potential
sample may be predicted by the size of the population or the number of
homes in the vicinity of the site and the duration of public concern. In

Phase I, a minimum of 1,000 homes or 4,000 people as well as a two-year

1The information contained in this appendix is taken directly from
Appendix B, Volume 1.

100/5
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period of public concern was considered necessary to generate a sufficient
number of housing sales samp]es.1

C. Public Awareness

The necessary degree of concern is difficult to measure; however,

a number of local indicators are available. Maybe the most important
indicators are the number of complaints received by the local health
department and the manner in which these complaints are presented. When
residents present their concerns to public officials in a systematic
fashion, they are presumed to be somewhat knowledgeable about the extent
of the damage and its implications. The absence of an organized protest
group does not necessarily imply ignorance and does not automatically
disqualify a site from consideration. It does suggest, however, that
more weight should be given to the other selection criteria.

Another indicator of widespread public concern with the hazardous
waste site is association by residents of health impairments they experi-
ence with a hazardous waste site. Such health impairments may be docu-
mented by local health departments or other public agencies, or they may
be undocumented and based on neighborhood consensus. While documented
health effects are of major concern to residents, undocumented effects
cannot be ignored.

Where there is ground water contamination, one additional potential
indicator of public concern is the number of households who resort to

using bottled water, as reported by the health department. The use of

1By the time PIE began Phase Il, we were convinced that, given the large
number of parameters, a larger real estate market was required. We used
a population of 15,000 as the minimum.
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bottled water as an alternative may be due to bad tasting water or "rot-
ten egg" odors perceived by residents to be associated with the hazardous
waste site.

Even if residents are concerned about a site, unless the concern
persists long enough to be reflected in the real estate market it provides
no basis for analysis of effects on property values. Two years are
generally regarded as sufficient. However, this number will vary with
population density and the velocity in the housing market. For initial
site selection only minimal information on public concern is required
(i.e., year that awareness began).

D. Control

In the absence of an ideal control area, a residential area
that extends for at least two miles from the site is also a necessary
characteristic in the choice of a study site. The gradient is used as a
control for comparing the impact of the hazardous waste site on property
values at different distances.

A site was selected for further investigation only if it met this
first set of criteria.

E. Type of Contamination

There are esentially two major types of contamination. The first,
which for a number of years has elicited widespread concern, is air pollu-
tion. This manifests itself in the form of noxious fumes and wind blown
particles from fire and/or explosion. The second is water contamination.

Potential damages from hazardous waste include: ground and surface
water contamination, air pollution and fire and explosion hazards. Since
these hazards may affect property values differently, efforts were made

to select a representative sample of the damages (scenarios).
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The impact on property values of health threatening water con-

tamination is likely to depend on the availability of alternative potable

water supplies. Three alternatives are considered:

0

No municipal water is available to residents using contamin-

ated water. This may occur when there is no municipal water

nearby or the hookup costs are prohibitive. Residents may
be able to drill wells to an uncontaminated aquifer, but

again the cost may be prohibitive. (Additionally, deeper
drilling of contaminated wells may not be allowed for fear
of contaminating the underlying aquifer.)

Municipal water is available. The availability of municipal

water is likely to dampen the impact of contamination on
property values. This impact is likely to be further reduced
if there is only a short lag between the discovery of contamin-
ation and attachment to municipal water.

Water contamination, while widespread, poses no threat to

resident's potable water because all homes are attached to

a safe supply of municipal drinking water. Hazardous

waste sites in this situation might provide useful informa-
tion on the non-drinking water effects of groundwater

contamination.

F. Remedial Action

The degree and speed of remedial action will most likely influence

residents' perception of the health hazards and may, therefore, affect the

impacts on property values.2 If clean up begins soon after the contamina-

tion is discovered and if clean up is expected to be thorough, the impact
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on property values can be expected to be small. For example, existing home
owners who would not consider selling their houses, were it not for contam-
ination, might initially refrain from selling their homes because they
anticipate rapid remedial actions. Larger property value impacts are to
be expected when the clean-up is incomplete, long delayed or uncertain.

A hazardous waste site where remedial action was rapid and complete
would, therefore, lack the after effect necessary for a study of this
nature. Throughout our investigation in Phase I, we encountered no site
with remedial action such as to warrant preclusion solely on that basis.

Owners might withhold real estate from the market if they suspect
that remedial action will effectively increase land values above their
pre-contamination levels. This could occur where extensive clean up
removed other environmental disamenties that were previously depressing
property values. In such a case the site was rejected since it was
believed that meaningful evaluation of the changes between the pre- and
post-contamination periods was not possible.

G. Industrial Interference

Nearby industrial plants, landfills, and other hazardous waste
sites tend to share common, or possibly offsetting, characteristics with
a study site, thereby making it diffficult to isolate their individual
impacts on property values. These sites were not considered optimal for

the purpose of this study.

2The options available to public officials range from immediate clean up
(politically popular, but financially difficult) to superficial investi-
gation (politically unpopular, but often financially necessary).



